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jective method in mathematics" by B. Cosby, 451-455; "Tangent lines among the Greeks" by 
F. Cajori, 463-464; "Trigonometry without similar triangles" by J. A. Nyberg, 467-470; "A 
new ellipsograph?" by J. A. van Groos, 471-472 — June: "The uses of algebra in study and read- 
ing" by E. L. Thorndike and Ella Woodyard, 514-522; "Graphical trisection of an angle" by 
E. D. Pickering, 548-549. 

SCIENCE, new series, volume 55, May 5, 1922: "The Edward C. Pickering memorial" by 
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variable star research] — May 12: "Mathematical publications," 508-509; "The Eliakim 
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from the Newtonian point of view" by L. P. Eisenhart, 570-572. 
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Edited by B. F. Finkel, Otto Dunkel, and H. P. Manning. 

Send all communications about Problems and Solutions to B. F. FINKEL, Springfield, Mo. 

PROBLEMS FOR SOLUTION. 

[N. B. Problems containing results believed to be new, or extensions of old results, are espe- 
cially sought. The editorial work would be greatly facilitated if, on sending in problems, pro- 
posers would also enclose any solutions or information that will assist the editors in checking the 
statements. In general, problems in well-known text-books, or results found in readily accessible 
sources, will not be proposed as problems for solution in the Monthly. In so far as possible, 
however, the editors will be glad to assist members of the Association with their difficulties in the 
solution of such problems.] 

2977. Proposed by FLORENCE p. LEWIS, Goucher College. 

A point moves in such a way that its pplars with respect to two given conies intersect at 
right angles. Prove that the locus of this intersection is a rational quartic curve through the 
circular points, and find its double points. 
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2978. Proposed by C. N. schmall, New York City. 

Given the equation of the general cubic f(x, y) = ax 3 + 3bx 2 y + dcxy 2 + dy s + O1X 2 + 2bixy 
+ ciy 2 + atx + biy + C2 = 0, show that the three asymptotes of the curve will be concurrent if 

= 0. 

2979. Proposed by V. M. spunab, Chicago, 111. 

If a tangent be drawn from a variable point of an ellipse of length equal to re times the semi- 
conjugate diameter at the p oin t, the locus of its extremity will be a concentric ellipse with 
semi-axes equal to aVre 2 + 1, &\re 2 + 1. 

2980. Proposed by J. BOSENBAUM, Milford, Conn. 

Locate a point such that the sum of its distances from the vertices of a given polygon shall 
be a minimum. 

SOLUTIONS. 

2876 [1921, 89]. Proposed by H. S. uhleb, Yale University. 

Let a, d, re, and r denote respectively the refracting angle of a prism, the total deviation of the 
ray (in a principal plane) produced by the prism, the relative index of refraction of the material 
of the prism with respect to the single surrounding medium, and the angle of refraction at the 
first or incidence face of the prism. 

(a) Deduce the (new) formula given below. (6) Use this formula to show (without the 
calculus) that the deviation has the least value when the ray is symmetrically situated with 
respect to the two refracting faces, (c) Show that, for minimum deviation, the formula reduces 
to the classical laboratory expression for determining the index of refraction. 

sin 2 j(a + d) _ 2 sin jd sin (a+jd) sin 2 j(a+d) sin 2 (r — ja) 

sin 2 Ja ~~ n [sin 2 |a cos 2 i(a+d) cos 2 (r-fa)+cos 2 fa sin 2 %(a+d) sin 2 (r-%a)] sin 2 \a. 

Solution by the Proposer. 1 

Let i and i' denote, respectively, the angles which the segments of the ray outside the prism 
make with the normals at the points of incidence and emergence. Let r and r' be the corre- 
sponding angles inside the prism. 

(a) From the geometry of the obvious diagram 

r + r' = a 
i •+ V = a + d. 
Put r = |a + x, and therefore r' = \a — x. Then 



and 



and 



Adding and subtracting, we have 



sin i = re sin (Ja + x) 

sin V = re sin (|o — x) . 



2 sin $ (a + d) cos J(i — i') = 2n sin Jo cos x, 
2 cos l(a + d) sin i(i — i') = 2re cos fa sin x; 
whence 

sin 2 j(fl + d) cos 2 \{a + d) 



or 



sin 2 £a cos 2 U a + «*) cos 2 x + cos 2 ia sin 2 i(a + d) sin 2 x 

sin 2 \{a + d) = 2 [c os 2 fa sin 2 j(a + d) - sin 2 ja cos 2 |(o + d)) sin 2 j(o + d) sin 2 x 
sin 2 fa n + [sin 2 fa cos 2 |.(a + d) cos 2 x + cos 2 |a sin 2 f(a + d) sin 2 x] sin 2 |a 

_ 2 sin jd sin (a + frf) sin 2 f (a + d) sin 2 x 

~ n + [sin 2 fa cos 2 \ (a + d) cos 2 x + cos 2 fa sin 2 f (a + d) sin 2 x] sin 2 \a ' 



1 See 1981, 1. The proof and the formulae given in this solution apply directly to the more 
general case of the deviation of the projected ray; that is, to D' of the paper referred to. 



